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(54) Method and apparatus for monitoring processes using multiple parameters of a 
semiconductor wafer processing system 



(57) The disclosure relates to a method and appa- 
ratus for providing process monitoring within a semicon- 
ductor wafer processing system (100) using multiple 
process parameters. Specifically, the apparatus in- 
cludes a signal analyzer (122) which analyzes multiple 
process parameters from generators ( 1 08, 1 1 0, 11 4, 1 20) 
and statistically correlates these parameters to detect a 
change in process characteristics such that the endpoint 



of an etch process may beaccurately detected, as well 
as detecting other characteristics within the chamber 
(102). The multiple parameters may include optical 
emissia, environmental parameters such as pressure 
and temperature within the reaction chamber, RF power 
parameters such as reflected power or tuning voltage, 
and system parameters such as particular system con- 
figurations and control voltages. ■', 
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Description 

The invention relates to semiconductor wafer 
processing systems and, more particularly, to a method 
and apparatus for performing in situ monitoring of proc- s 
ess parameters of a semiconductor wafer processing 
system. 

Plasma enhanced processes that occur within a 
semiconductor wafer processing system are generally 
designed to run for a specific length of time and are mon- 10 
itored using an optical emissions spectroscopy (OES) 
technique. The OES equipment couples to a transpar- 
ent window of a reaction chamber containing the plas- 
ma. The OES equipment monitors the optical emissions 
from the plasma. Typically, a single wavelength is ex is 
tracted (filtered) from all of the emissia of the plasma, 
and the magnitude of the signal at the extracted wave- 
length indicates the present chemistry within the chartv 
ber. A change in this chemistry will increase or decrease 
the magnitude of the signal at the extracted wavelength 20 
and, as .such, indicate a change in the process occurring 
within the chamber. 

For example, a plasma in a dry etch process is typ- 
ically monitored by extracting the carbon monoxide 
(CO) emission line at 4835 angstroms. A change in the 2s 
magnitude of the carbon monoxide line is indicative of 
the endpoint of an oxide etch process. 

Extracting a particular line, as well as suppressing 
the noise generated by the plasma at other wave- 
lengths, requires substantial signal processing and 30 
careful OES equipment fabrication and calibration. 
Such endpoint detection requires the detection of a very 
small change in signal strength at a particular optical 
wavelength; As such, the desired signal is easily cor- 
rupted by noise. If care is not taken while monitoring the 3S 
process, the endpoint may not be detected, and the wa- 
fer will be overetched. Such overetching may destroy 
the integrated circuits on the wafer and reduce the yield 
of the semiconductor wafer processing system. 

Therefore, there is a need in the art for improved 40 
monitoring techniques for a semiconductor wafer 
processing system and especially for detecting etch 
endpoint as well as other process characteristics within 
a reaction chamber. 

The disadvantages associated with the prior art are 45 
overcome by the present invention of a method and ap- 
paratus that monitors processes performed by a semi- 
conductor wafer processing system using multiple proc- 
ess parameters. Specifically, the present invention an- 
alyzes multiple process parameters and statistically cor- so 
rejates the parameters to detect a change in process 
characteristics such that the endpoint of an etch process 
may be accurately detected, as well as detecting other 
process characteristics within a chamber. The multiple 
parameters may include plasma optical emissia, envi- ss 
ronmental parameters such as pressure and tempera- 
ture within the reaction chamber, RF power parameters 
such as reflected power or RF match tuning voltage. and 



system parameters such as particular system configu- 
rations and control voltages. 

More specifically, the invention contains a statistical 
engine which correlates all of the relevant parameters 
for a particular system configuration, and when a partic- 
ular number of parameters indicate a specific change in 
characteristics within the reaction chamber, the statisti- 
cal engine produces a decision which may indicate com- 
pletion of a particular wafer process. For example, the 
decision may indicate that the etch endpoint has been 
attained, may indicate that the chamber requires clean- 
ing, or may indicate some other task needs attention. 
These decisions may be coupled to a system controller 
such that feedback is provided to the system controller 
to facilitate integrated control of the entire semiconduc- 
tor wafer processing system. 

The statistical engine is an executable software pro- 
gram generally executed on a general purpose compu- 
ter system. However, the statistical engine could be a 
subroutine that is executed within the microprocessor of 
the system controller. 

The statistical engine forms part of a data acquisi- 
tion and processing routine that acquires data from var- 
ious sensors within the semiconductor processing sys- 
tem, correlates that data across the various measured 
parameters, and periodically stores the correlated data. 
A previous wafer's correlated data is compared to the 
present wafer's correlated data to determine a correla- 
tion trend from wafer-to-wafer. If the correlation trend 
exceeds a particular threshold, a wafer-to-wafer flag is 
set. Depending upon the parameters that are correlated 
to produce the trend, such an indication may lead to the 
requirement that the chamber be cleaned. The correla- 
tion data for the presently-processed wafer is also com- 
pared to a decision threshold to determine whether or 
not, for example, the etch endpoint has been attained 
for the present wafer. If the endpoint has not been at- 
tained, the query is answered negatively, and the routine 
continues to acquire data and correlate the data on a 
periodic basis throughout the processing of the present 
wafer. At a point where the decision is made that the 
endpoint has been reached, the process is stopped, and 
then the routine queries whether another wafer should 
be processed. If the wafer-to-wafer flag has been set, 
another wafer will not be processed, and the routine will 
enter a new processing phase, e.g., cleaning the cham- 
ber. If a new wafer is required, the routine will move to 
acquire data with respect to the next wafer. 

By correlating multiple parameters, the signal to 
noise ratio (SNR) of the correlated signal is substantially 
improved over the SNR of any single parameter. As 
such, smaller process changes can be detected and ac- 
tion, in response to those changes, can be rapidly taken. 
Moreover, correlation trend monitoring not only provides 
wafer processing characterization but system charac- 
terization as well. 

The teachings of the present invention can be read- 
ily understood by considering the following detailed de- 
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scription in conjunction with the accompanying draw- 
ings, in which: 

FIG. 1 depicts a block diagram of a semiconductor 
wafer processing system containing a multiple pa- 
rameter signal analyzer in accordance with the 
present invention; and 

FIG. 2 depicts a flow diagram of a data acquisition 
and processing routine. 

To facilitate understanding, identical reference nu- 
merals have been used, where possible, to designate 
identical elements that are common to the figures. 

FIG. 1 depicts a block diagram of a semiconductor 
wafer processing system 100 coupled to a signal ana- 
lyzer 122 of the present invention. The semiconductor 

. wafer processing system 100 contains a reaction cham- 
ber .102 having a wafer support pedestal or susceptor 
106, an RF power supply 108, a chuck power, supply 

.112, a reactive gas supply assembly 148 and a system 
controller 110. The susceptor 106 supports the wafer 
1 38 in the chamber. The susceptor 106 contains, for ex- 
ample, an electrostatic chuck 1 34 for biasing the wafer 
and retaining it upon the support surface of the suscep- 
tor. The chuck is powered by the chuck power supply 
112. The susceptor also forms a cathode for the plasma 
generation system. The cathode is coupled to the RF 
power supply 108. For example, in an etch system, a 
plasma is generated by coupling the RF power to a re- 
active gas. The reactive gas assembly contains a gas 
supply 144 that supplies a reactive gas via conduit 146 
and manifold 142 to the chamber 102. To ignite the plas-. 
ma, RF power is applied to the cathode. The chamber 
walls are grounded, and the electric field between the 
chamber wails and the cathode ignites a plasma 104 
within the reaction chamber. 

The chuck electrode voltage and the RF power lev- 
els are controlled by the system controller 1 1 0. The plas- 
ma performs plasma-enhanced dry etching of the sur- 
face of the semiconductor wafer 138. This simplistic 
drawing of a semiconductor wafer processing system is 
intended to be illustrative of the major components of. 
the system. 

Signal analyzer 122 acquires data from a number 
of sources within the semiconductor wafer processing 
system. For example, optical emissia of the plasma 1 04 
are passed through a transparent window 1 16 to the op- 
tical detector 120. The optical detector 120, positioned 
outside the chamber 102 directly in front of the window 
1 16, converts the optical energy that is coupled through 
the window into a voltage. The voltage is coupled as one 
parameter (e.g., an optical emission spectroscopy 
(OES) parameter) to the signal analyzer. The opticai de- 
tector may be of many types such as a bandpass photon 
detector or a photomultiplier tube using a monochroma- 
torto select a particular optical wavelength for detection. 

The RF power supply 108 generates RF parame- 
ters. These parameters include reflected power or the 



tuning voltage used to tune the match unit to the imped- 
ance of the plasma. Changes in the reflected power and/ 
or the tuning voltage are indicative of chemistry changes 
within the. chamber. 
s The system controller 110 provides control signals 
to the RF power supply 108 and the DC chuck power 
supply 11 2. Additionally, it generates system parameter 
signals which are coupled to an input circuit 140 of the 
signal analyzer 122. The chamber may also include a 

10 number of environmental sensors 1 1 4 such as temper- 
ature sensors, foreline and chamber pressure sensors, 
reactive gas analyzing sensors and the like. These sen- 
. sors generally produce analog voltages that are also 
coupled to the input circuit 140. The input circuit syn- 

is chronizes, digitizes and buffers the data, as needed. 

The signal analyzer 122 is typically a general pur- 
pose computer having a central processing unit (CPU) 
124, a plurality of input/output devices 126, support cir- 
cuits 128 (e.g., power supplies, clock circuits, bus con- 

20 trailers, cache, and the like), read only memory (ROM) 
130, and random access memory (RAM) 132: The in- 
terrelation and operation of these components of a gen- 
eral purpose computer are well known in the art. 

The signal analyzer correlates all or a subset of the 

25 parameters that are provided as input to the analyzer. 
The data acquisition and processing routine 200 is an 
executable software program which generally resides in 
RAM 132 as it is executed by the CPU 124. Decisions 
made in response to processing the parameters are pro- 

30 vided as an output of the signal analyzer 122. These 
decisions may be coupled along path 1 36 to the system 
controller for implementation. As such, the system con- 
troller may react to these decisions by ending process- 
ing, if an endpoint detection is determined, or initiating 

35 a cleaning function, if cleaning of the chamber is 
deemed required. The parameters and correlated data 
may also be stored in the RAM 132 for historical review 
of processing trends. As such, new parameters may be 
determined for future monitoring. 

40 Although the signal analyzer 122 is described here- 
in as being a stand alone general purpose computer that 
is programmed to perform the data acquisition and 
. processing functions, these functions may be incorpo- 
rated into the system controller 1 1 0 and executed on the 

4s microprocessor of the system controller. 

By correlating a number of signals and/or parame- 
ters that are monitored by the signal analyzer, the signal- 
to-noise ratio (SNR) of the correlated parameters is in- 
creased over the SNR of any one parameter signal 

so alone. As such, for a number of parameters, the param- 
eters are known to simultaneously change at a particular 
point during processing of the wafer. All of those chang- 
es can be correlated such that the detected signal is 
much larger than the underlying noise of the system. For 

£5 example, a pressure change at the endpoint in a pho- 
toresist strip process can be correlated with the RF pa- 
rameters that change due to a decrease in a chamber 
pressure. Such a pressure decrease causes the match 
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control unit to change the control voltage to insure that 
the BF power is matched to the new chamber pressure. 
Further, a signal is provided by the system controller to 
change the gas flow rate from the gas supply. 144. In 
addition, at the point in a photoresist strip process when 
the pressure changes, the plasma optical emissia also 
will change. Thus, these three parameters (e.g., cham- 
ber pressure, match control voltage and optical emis- 
sions) can be correlated to best indicate the endpoint 
has been reached in a photoresist strip process. Addi- 
tionally, these correlated signals as well as others can 
be monitored from wafer-to-wafer such that trends in the 
correlated signals can be detected. Such trends are in- 
dicative of build-up of impurities and deposits within the 
chamber. When these wafer-to- wafer correlated signals 
exceed a certain threshold, the chamber can be deac- 
tivated and a cleaning process engaged. 

To further improve the decision making properties 
of the signal analyzer, well-known techniques for deci- 
sion making can be used such as fuzzy logic, neural net- 
works or stochastic processing. 

FIG. 2 depicts a signal acquisition and analysis rou- 
tine 200 that is executed by the signal analyzer (1 22 of 
FIG. 1 ). The routine begins at step 202 and proceeds to 
step 204 wherein the data representing the various pa- 
rameters is acquired. Data acquisition occurs by the sig- 
nal analyzer 1 22 periodically polling the various param- 
eter sources for input circuit data. Alternately, the data 
may be provided to the input circuit on an interrupt basis 
or as a combination of polling and interrupt. Depending 
upon the characteristic that is being monitored, all or a 
subset of the parameters may be used in the data cor- 
relation and processing steps. 

Using a statistical engine 224, all of the parameters 
selected to provide information for a particular process 
are correlated with one another and stored in memory 
at step 206. The statistical engine 224 also performs, at 
step 208, a wafer-to-wafer correlation, wherein correlat- 
ed data from previous wafers at this point in the process 
are compared to the presently acquired correlated data 
in an effort to statistically determine a trend in the wafer- 
to-wafer correlated signals. The wafer-to-wafer correla- 
tion may also be performed by comparing the presently 
acquired correlated data to a theoretical model of ex- 
pected values. The trend is indicative of a chamber that 
contains impurities and requires cleaning. As such, the 
wafer-to-wafer correlation signal is compared to a 
threshold at step 210, and if the correlation signal ex- 
ceeds the threshold, the routine sets a wafer-to-wafer 
flag This flag indicates whether the chamber requires 
cleaning, or some other process, after the present wafer 
has completed processing. 

The threshold values and correlated signals are 
preferably expressed as a ratio of monitored parame- 
ters. For example, the signal analyzer 122 receives sig- 
. nals representative of source tuning (ST), load (SL) and 
current (SI) levels and bias tuning (BT), load (BL) and 
current (Bl) levels. Calculation of the expression C = 



{STxBTxSf)/(SLxBLxBf) results in a value for determin- 
ing if chamber cleaning is required .Specifically, if 1< C 
< 2, then the chamber is functioning within [ its normal 
operating range If C<1 , this condition indicates a hard- 
s ware failure in the system. If C>2-then the chamber has 
exceeded sanitary limits and must be;,cleaned. Alter- 
nately, the ratio of carbon to fluorine; cart: be monitored 
against a theoretical value program^ 
analyzer. If the observed ratio departs fro^h; the theoret- 
ic jcal value, this also indicates ^ th^ ^icRamber must be 
cleaned. " -v :; v : %Jrs' : 

At step 212, the correlated Ldafa fer the presently 
processed wafer is compared- to ^threshold, and the 
routine decides whether to continue processing or to 
15 cease processing for this particular wafer For example, 
if an etch endpoint is to.be detected -and the correlated 
signal does not exceed the threshold indicating the end- 
point has been attained, the rbutirie ^will-proceed along 
the NO path 220 to continue the etch process and ac- 
20 quire data at the next data acquisition period using step 
204. This loop is repeated until a decision is made that 
the endpoint has been attained, arid at that point, the 
query block of step 21 2 will proceed along the YES path 
to step 21 4 

25 At step 21 4, the signal analyzer will cause the sys- 
tem to react to the decision. Such a reaction may be as 
simple as illuminating an indicator lamp indicating that 
the endpoint has been attained, or it may require a signal 
to be sent to the system controller to automatically de- 

so activate processing. At step 216, the routine queries 
whether another wafer wiHbe processed. If the query at 
step 21 6 is affirmatively answered, the routine proceeds 
along path 222 to acquire more data with respect to the 
next wafer. If another wafer is not to be processed, i.e. , 

35 the wafer-to-wafer flag is set indicating that the chamber 
is due for a cleaning process, the routine exits at step 
218. - 

In sum, a semiconductor wafer processing chamber 
is monitored by a signal analyzer that accepts environ- 

40 mental and system parametric data during wafer 
processing to detect changes in wafer processing char- 
acteristics. Depending on this data, the signal analyzer 
determines optimalwafer processing conditions and re- 
acts accordingly. Specifically, a statistical engine corre- 

45 lates two or more of the parameters to determine com- 
pletion of a particular process. The correlation of two or 
more signals reduces the overall signal-to-noise ratio 
thereby improving detection of a desired process con- 
dition (i.e., wafer processing endpoint). Additionally, the 

so correlated data can be compared to previous data or a 
baseline theoretical model to determine trends that oc- 
cur during processing. The trends are indicative of 
chamber characteristics that require correction or eval- 
uation for improved wafer processing (i.e., chamber 

55 cleaning required or additional parameters monitorable 
for increased accuracy in endpoint detection). As such, 
a more precisely manufactured product (i.e., a semicon- 
ductor wafer) is produced under improved manufactur- 
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ing conditions. 

Although various embodiments which incorporate 
the teachings of the present invention have been shown 
and described in detail herein, those skilled in the art 
can readily devise many other varied embodiments that 
still incorporate these teachings. 



Claims 

1. A method tor monitoring semiconductor wafer 
processing system parameters comprising the 

. steps of: 

acquiring parametric data indicative of system 
characteristics; 

correlating said data from various sources of 
parametric data to form a correlation signal; 
defining a trigger criterion corresponding to a 
particular value of said correlation signal to 
form a trigger point; 

comparing said correlation signal to said trigger 
point to determine the existence of a specific 
characteristic within the system; and 
reacting to said comparison. 

2. A method as claimed in claim 1 , wherein the para^ 
metric data is acquired by a plurality of.sensors con- 
nected to the semiconductor wafer processing sys- 
tem 

3. A method as claimed in claim 2, wherein one of the 
sensors detects optical emissia of plasma in the 
semiconductor wafer processing system. 

4. A method as claimed in claim 2 or claim 3, wherein 
one of the sensors detects RF reflected power or 
tuning voltage. 

5. A method as claimed in any of claims 2 to 4, wherein 
one of the sensors detects temperature in the sem- 
iconductor wafer processing system. 

6. A method as claimed in any of claims 2 to 5, wherein 
one of the sensors detects pressure in the semicon- 
ductor wafer processing system. 

7. A method as claimed in any of claims 2 to 6, wherein 
one of the sensors detects reactive gas analyzer 
signals in the wafer processing system. 

8. A method as claimed in any of claims 1 to 7, wherein 
the trigger, criterion is defined by a simultaneous 
change in two or more wafer processing system pa- 
rameters. 

9. A method as claimed in any of claims 1 to 8, wherein 
the step of correlating data is accomplished by a 
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signal analyzer that accepts input of the parametric 
data and provides output of control signals to a wa- 
fer processing system controller. 

10. An apparatus for monitoring a wafer processing 
system (100) using multiple process parameters 
comprising: ,.:':\V> y ;-'J> 

a plurality of wafer processinig system parame- 
ter signal generators ( 108/11 Oil 14, 120) pro- 
ducing a plurality of parameter, signals, 
a signal analyzer (1 22) connected to said wafer 
processing system pararTteter- signal genera- 
tors ( 1 08, 1 1 0, 1 14, 1 20) ; for correlating two or 
more parameters, and, : - . ' ; 
at least one decision output signal (136) from 
the signal analyzer (1 22). 

11. An apparatus as claimed in claim 10; wherein one 
of the signal generators is an optical sensor (120). 

12. An apparatus as claimed in claim 10 or claim 11, 
wherein one of the signal generators is an RF re- 
flected power or tuning voltage sensor (108). 

13. An apparatus as claimed in any of claims 10 to 12; 
wherein one of the signal generators is a tempera- 
ture sensor (114)! 

14. An apparatus as claimed in" any of claims 10 to 1 3, 
wherein one of the signal generators is a chamber 
pressure sensor (114). 

15. An apparatus as claimed in any of clairins 10 to 14, 
wherein one of the signal generators is a reactive 
gas analyzer (114). 

16. An apparatus as claimed in any of claims 10 to 15, 
wherein one of the signal generators is from a wafer 
processing system controller (1 1 0) having an input 
of the decision output signal (136) from the signal 
analyzer (1 22) and a plurality of outputs connected 
to the wafer processing system. 

17. An apparatus as claimed in claim 16; wherein one 
of the outputs is an input to an RF power supply 
(108). 

18. An apparatus as claimed in claim 16 or claim 17, 
wherein one of the outputs is an input to an electro- 
static chuck power supply (112). 

19. An apparatus as claimed in any of clairins 16 to 18, 
wherein one of the outputs is. an input to a gas sup- 
ply (144). 

20. An apparatus as claimed in any of claims 10 to 19, 
wherein the signal analyzer (122) is a general pur- 
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